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57 ABSTRACT 

An improved apparatus and method for designing and 
displaying three dimensional solid representations from a 
two dimensional drawing. The invention prompts the user to 
select a two-dimensional view as a profile for extrusion. This 
is accomplished by selecting all the elements from a geom 
etry to include in the extrusion. Thereafter, the user is 
prompted to select a front and back cutting face for the 
extrusion. The system thereafter transforms the selected two 
dimensional elements into three dimensional geometries. 

8 Claims, 16 Drawing Sheets 
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METHOD AND APPARATUS FOR CREATING 
SOLID MODELS FROM 

TWO-DMENSIONAL DRAWINGS ON A 
GRAPHICS DISPLAY 

This is a continuation, of application Ser. No. 07/618, 
138, filed Nov. 26, 1990, now abandoned. 

FIELD OF THE INVENTION 

This invention generally relates to improvements in com 
puter aided design (CAD) systems and more particularly to 
an enhanced method and apparatus for generating solid 
representations on a graphic display. 

BACKGROUND OF THE INVENTION 

This application is related to the following co-pending 
applications owned by the same assignee: 
METHOD AND APPARATUS FOR GENERATING 
THREE DIMENSIONALDRAWING ON A GRAPH 
ICS DISPLAY, 07/618,187; 

METHOD AND APPARATUS FOR SHADING SUR 
FACES OF A THREE DIMENSIONAL DRAWING, 
07/617,705; 

ENHANCED MULTIDIMENSIONAL DESIGN KEY. 
BOARD, 07/617,830. 

In CAD applications, it is important to be able to trans 
form two-dimensional representations of objects into solid 
representations. The automobile and aircraft industries were 
two of the first to exploit this function for mechanical 
assemblies. Examples of general CAD systems are disclosed 
in U.S. Pat. Nos. 4,962,472, 4,849,913; and 4,912,664. 
Three basic techniques were developed for transforming two 
dimensional representations into three dimensional, solid 
models. 
The first basic technique is primitive instancing. In primi 

tive instancing, the modeling system defines a set of primi 
tive, three dimensional solid shapes that are appropriate for 
the particular application. For example, a primitive object 
may be a regular pyramid with a user-defined number of 
faces meeting the apex. Primitive instances are similar to 
parametized objects, except the objects are solids. A 
parametized primitive may be thought of as defining a 
family of parts whose members vary in a few parameters. 
These family of parts are referred to as group technology. 

Primitive instancing is often used for relatively complex 
objects, such as gears or bolts, that are tedious to define in 
terms of Boolean combinations of simpler objects. A gear or 
bolt can be defined in terms of its diameter and number of 
teeth. In primitive instancing, no provisions are made for 
combining objects to form a new, higher-level object. Thus, 
the only way to create a new kind of object is to write the 
code that defines the new object. This is not a practical 
approach to object creation in an interactive CAD package. 

Sweeping an object along a trajectory path through space 
defines a new object called a sweep. The simplest kind of a 
sweep is defined by a two dimensional area swept along a 
linear path normal to the plane of the area to create a volume. 
This technique is known as a translational sweep or extru 
sion. It is one of the most common techniques for repre 
senting objects made by extruding metal or plastic through 
a die with the desired cross-section. In this simple case, each 
sweep's volume is simply the sweep object’s area times the 
length of the sweep. The problem with this technique is that 
the user can only specify a single two dimensional repre 
sentation to use in generating the solid. 
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2 
The final prior art technique for generating solids is 

constructive solid geometry. In constructive solid geometry, 
simple primitives are combined by means of regularized 
Boolean set operators that are included directly in the 
representation. An object is stored as a tree with operators at 
the internal nodes and simple primitives as the leaves. Some 
nodes represent Boolean operators, whereas others perform 
translation, rotation and scaling. 
To determine physical properties or to display the solid, 

the properties of the leaves must be combined to obtain the 
properties of the root. The complexity of this task depends 
on the representation in which the leaf objects are stored and 
on whether a full representation of the composite object at 
the tree's root must actually be produced. This pre-defined 
approach to defining a solid model is unacceptable in a 
system whereby a user can dynamically design and modify 
two dimensional representations and thereafter create three 
dimensional solid representations. 

SUMMARY OF THE INVENTION 

It is thus an object of this invention to provide an 
improved apparatus end method for designing and display 
ing three dimensional solid representations from a two 
dimensional drawing. The invention provides two opera 
tions to generate three dimensional solid objects from two 
dimensional representations of the objects. The operations 
are extrusion and taper. The operation of extrusion prompts 
the user to select geometries from a two dimensional view 
as a profile for input to the extrusion operation. 

This is accomplished by selecting all necessary two 
dimensional elements from the view to include in the 
extrusion. Thereafter, the user is prompted to select a front 
and back cutting face for the extrusion. The front and back 
cutting faces are defined in two dimensional views other 
than the profile view. The system thereafter transforms the 
selected two dimensional elements into three dimensional 
geometries, and inputs them into the solid modeler for 
further generation of a solid object on the display. 
The operation of the taper function begins by a user 

selecting an element from one, two dimensional view as a 
front cutting face. Then, the user selects geometries in other 
views that define the first profile on the front cutting face for 
taper. The profile is defined by selecting all the necessary 
geometries in the view to form a closed boundary. By 
performing the same operational sequences, the user can 
define the back cutting face and second profile by selecting 
geometries in different views. The system thereafter trans 
forms the front and back cutting faces and the two profiles 
into three dimensional geometries and inputs them into the 
solid modeler to generate a solid object. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of a computer in accordance 
with the present invention; 

FIG. 2 is a flow chart of the solid logic in accordance with 
the present invention; 

FIG. 3 is a flow chart of the solid logic for a tapered solid 
in accordance with the present invention; 

FIGS. 4A-4I are an illustration of the steps used to 
generate an extruded solid in accordance with the present 
invention; 

FIGS. 5A-5I are an illustration of the steps used to 
generate an extruded solid in accordance with the present 
invention; 
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FIGS. 6A-6I are an illustration of the steps used to 
generate a tapered solid in accordance with the present 
invention; 
FIG.7 is an illustration of a step used to generate a tapered 

solid in accordance with the present invention; 
FIGS. 8A-8K are an illustration of a set of steps used to 

generate a tapered solid in accordance with the present 
invention; 

FIG. 9 is an illustration of a pair of two dimensional 
drawings in accordance with the present invention; 

FIG. 10 is an illustration of a solid model in accordance 
with the present invention; 

FIG. 11 is an illustration of the parameter function menu 
options in accordance with the present invention; 

FIGS. 12A-12C are an illustration of correlating para 
metric entities in accordance with the present invention; 

FIG. 13 is a flowchart describing the logic of defining 
relationships between the faces of a solid object in accor 
dance with the subject invention; 

FIG. 14 is a flowchart describing the logic of the No Show 
function in accordance with the subject invention; 

FIG. 15 is a flowchart of the logic implementing the 
defining a parent face in accordance with the subject inven 
tion; 

FIG. 16 is a flowchart of the logic implementing the 
defining an offset face in accordance with the subject inven 
tion; 

FIG. 17 is a flowchart of the logic implementing the 
Change parameter function in accordance with the subject 
invention; 

FIG. 18 is a flowchart depicting the logic of the shading 
Surface normal in accordance with the subject invention; 

FIG. 19 is a flowchart depicting the logic of the rearrang 
ing surface data in accordance with the subject invention; 

FIG. 20 is an illustration of a reverse normal of a top 
surface in accordance with the subject invention; 

FIG. 21 is an illustration of a select side surface display 
in accordance with the subject invention; 

FIG. 22 is an illustration of a reverse normal of a side 
surface display in accordance with the subject invention; 

FIG. 23 is an illustration of a reverse normal of a front 
surface in accordance with the subject invention; and 
FIG.24 is an illustration of diffracted light from a display 

in accordance with the subject invention. 
DETAILED DESCRIPTION OF THE 

INVENTION 

With reference to FIG. 1, the apparatus of the subject 
invention is a standard microprocessor such as that marketed 
by IBM under the product name of PS/2. The CPU 10 can 
be an 80386 or 80486 processor for example. The CPU 10 
has Direct Memory Access (DMA) to the RAM 20, Disk 30 
and Diskette 40. The CPU 10 can also transmit information 
via the Communication Link 50. 

The CPU 10 also communicates to an attached graphic 
display to display information in EGA, VGA or other higher 
resolution modes. A mouse 70 is an optional cursor pointing 
device that is used to supplement the arrow keys of the 
keyboard 80 for specifying precise pointings on the graphic 
display 60. The keyboard is controlled by a keyboard 
adapter 82, including buffer means, in the CPU 10. Finally, 
a printer or plotter 89 can be attached to the CPU 10 to 
generate hardcopy of drawings. 
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4 
The software used to awake the unique hardware features 

of this invention resides on the Disk 30 as do the drawings 
generated by a designer employing the invention. The soft 
ware is also responsible for translating signals from the 
mouse/keyboard into appropriate system actions. 

FIG. 2 is a flowchart representing the logic in accordance 
with the invention. To generate a solid from a two dimen 
sional drawing, the drawing is first loaded into the computer 
memory as shown in function block 200. The drawing 
should contain multiple two dimensional views of an object. 
The user then selects the appropriate menu selection item as 
depicted in input block 210. Then, the user selects elements 
to form a profile for the extrusion operation as depicted in 
input block 220. The elements are lines and circles on the 
two dimensional views from which to generate the solid 
model. The pointers to the selected elements are stored in the 
data structure set forth in Appendix 1. 
The geometric elements are selected in a clockwise or 

counter-clockwise sequence. When all of the necessary 
elements have been selected, then menu item END is 
selected to indicate completion. The data structure is used to 
store this information in a manageable fashion for further 
processing in accordance with the subject invention. 
The user selects front and back cutting faces by selecting 

lines in the views other than the profile view as depicted in 
input block 230. Next, the selected two dimensional ele 
ments are converted into three dimensional geometries as set 
forth in input block 240. So, for example, a line becomes an 
unbounded plane, a circle becomes an unbounded cylinder, 
and a spline becomes a ruled face. The faces are stored in the 
PFace data structure set forth in Appendix 2. 
A Face Table is a list of faces that form the boundary of 

a solid. The Face Table contains plane, cylinders and free 
form surface information. The Face Table serves as an 
interface between parametric design and the solid modeler. 
A PFace Table is a particular face table used for parametric 
design. It contains parameterized faces, a parameter table 
and a construction list for building a solid from the faces. A 
construction list contains a description of how each part of 
the solid is created and what faces are used to form the 
component. 
The next step converts the PFace data structure to a Face 

data structure for input into the solid modeler. The Face data 
structure is set forth in Appendix 3. 

Then, the Face data structure is input into the solid 
modeler to perform the extrusion taper operation as illus 
trated in function block 260. The data structure shown in 
Appendix 4 is used in the performance of this task. 

Finally, the solid object is displayed on the graphics 
display as shown in output block 270. The listing shown in 
Appendix 5 is the source code used to implement the various 
transformations and display of graphic information. 
An alternative embodiment of the invention allows a 

tapered display of a solid object to be created. The logic 
implementing this function is set forth in FIG. 3. The initial 
steps set forth in function block 300 are identical to the solid 
generation discussed above. A two dimensional drawing is 
loaded. The user selects the solid taper menu function in 
input block 310. Then, the user is prompted to select a plane 
representing the front cut face as shown in input block 320. 
This is done by positioning the cursor onlines other than the 
profile view. Next, the user is prompted to select elements 
forming a profile of the front face as shown in input block 
330. The user selects the necessary two dimensional geom 
etries in the profile view to form a profile for taper. Then the 
end menu is selected to indicate completion of profile 
processing. 
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Input block 340 depicts the user selection of the back face 
as the next step. The user selects lines in views other than the 
profile view to form a profile for the taper operation as 
shown in input block 350. When the selection process is 
complete, the end menu item is selected. Then, in function 
block 360, the two dimensional geometries are converted to 
three dimensional faces as depicted in function block 370 
and a solid representation is generated. This processing 
includes conversion of the two dimensional geometries to 
three dimensional geometries and the corresponding con 
version of data structures as discussed above. Finally, the 
solid is displayed as depicted in output block 380. The data 
structure shown in Appendix 6 is used to store the solid 
object for subsequent display. 

In FIGS. 4, 5, 6, 7 and 8, examples of solid generations 
employing the subject invention are illustrated. In FIG. 4, a 
front view and a side view of a two dimensional object are 
presented at label 400 and 410. To generate a solid rendition 
of the two, two dimensional views, the user initially selects 
the four lines as the profile for extrusion on the front face at 
label 420. Next, the back face is selected from the side view 
as indicated at label 430, and finally, four lines of the back 
face are selected to form the profile as shown at label 440. 
This information is used to generate a three dimensional 
solid object as illustrated at label 450. 

FIG. 5 is another example of an extrusion. First, three 
lines and an arc are selected as a profile for extrusion as 
depicted at label 500. Then, two lines from a side view are 
selected to complete the operation as shown at label 510. 
The solid object is then generated as shown at label 520. 

FIG. 6 is another illustration of a solid generation. Again, 
two, two dimensional drawings are initially loaded add 
displayed as illustrated at label 600. Then, the front face of 
one of the two dimensional drawings is selected as shown at 
label 610. The profile for the front face is selected next as 
depicted at label 620. Next, a back face is selected as shown 
at label 630. Finally, the profile for the back face is selected 
as illustrated at label 640, and the three dimensional solid is 
generated as illustrated at label 650 in FIG. 7. 

FIG. 8 illustrates a circular extrusion. Two views of the 
object are initially drawn as illustrated at label 800. Then, a 
front face is selected as noted at label 810. Next, the front 
face profile is selected as illustrated at label 820. Finally, the 
back face is selected at label 830, and the profile of the back 
face is also selected as illustrated at label 840. The resultant 
solid is displayed as shown at label 850. 
A further example involving a more complex geometry is 

presented in FIG. 9 and 10. In FIG. 9, a pair of two 
dimensional views of an object are presented at 900 and 910 
respectively. A solid representation of the object is generated 
by selecting the front face and the back face. The generated 
solid is shown in FIG. 10. 

Parametric Entities 

In FIG. 11, the solid function parametric modification 
menu options are listed and their functions are elaborated 
upon. At label 1000, the menu options are displayed as they 
appear on a CAD display. If a user selects Def parent at label 
1100, then the user is prompted to point to a plane of a solid 
that will function as the parent plane. The plane must be 
paired with a parallel offset plane whose distance is a 
variable that the user would like to change. 

Label 1120 lists the Define Offset menu option. This 
option allows a user to define a plane of the solid parallel to 
the parent plane as an offset plane. Label 1130 depicts the 
Change parameter menu option. This item is selected to 
display the distance value between pairs of parent and offset 
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6 
planes. Label 1140 depicts the Show All menu option. This 
option is selected to display all planes that are not currently 
displayed for the solid object. Label 1150 is the No Show 
option which temporarily suppresses the display of a 
selected plane of the current solid so that a hidden plane can 
be selected. 
To commence a parametric design a user selects a solid 

object from the display as described in function block 1300 
of FIG. 13, and shown at label 1200 of FIG. 12. Optionally, 
the user can remove some faces from the solid object using 
the No Show function as shown in function block 1310 of 
FIG. 13. Then, the user defines a parent face by selecting a 
polygon of the solid as shown in function block 1320 and 
depicted at 1290 of FIG. 12. Offset faces parallel to the first 
face are selected next as shown in function block 1330 and 
depicted at 1270, and 1250 of FIG. 12. The distances 
between the offset faces 1252 and the distance between the 
parent face and the first offset face 1254 are calculated. The 
distance D1 1254 is a variable distance that will be adjusted. 
Whereas, the distance D2 1252 is a fixed distance that 
remains constant during this operation. 

If the user selects the NoShow function then the logic set 
forth in FIG. 14 is employed to make the face invisible on 
the display. The user initially selects a polygon (face) of a 
solid and converts the pointer to a loop id as shown in 
function block 1410. Then, the face is validated by searching 
the PFace table for the Face that contains the loop. If the face 
is found, then the selected polygon is a valid face as depicted 
in decision block 1420. If not, then control flows to 1410. If 
the face is valid, then the system sets the attribute of the 
selected polygon to visibility off as shown in 1430. 
The logic for defining a parent face is set forth in FIG. 15. 

As above, the user begins by selecting a polygon of the solid 
object as shown in function block 1510. Then, the system 
searches the PFace table to identify the Face that contains 
the loop as depicted in function block 1520. If the Face is 
identified in decision block 1530, then the Face ID as the 
Parent Face ID as shown in function block 1540. However, 
if the Face ID is not found, then the Parent Face ID is set to 
a null value as shown in function block 1550. 
The logic for defining an offset face is set forth in FIG. 16. 

The user initially must select a polygon of the solid object 
as depicted in function block 1610. Then, the PFace table is 
searched for the Face ID of the selected polygon as depicted 
in function block 1620. A search is next made to determine 
the type of the Face and based on the type, control is passed 
to one of two function blocks 1650 or 1660. If the Face type 
is ordinary, then control is passed to function block 1660 
where the distance between the Parent Face and the offset 
face is calculated and an entry to the parameter table is made 
to reflect the change. Finally, the Face Type is also changed 
to Offset Face. If the Face Type is already an Offset Face, 
then an invalid polygon has been selected as shown in 
function block 1640, and control is passed to an error 
routine. An Offset Face can be redefined as a parent face for 
another offset face to form a nested relation. 

FIG. 17 presents the logic implementing the Change 
Parameter function. Function block 1700 indicates the first 
step is to select a polygon from the solid displayed on the 
graphic display. Then, the system searches through the 
PFace table for the face ID which the selected polygon is 
associated with as shown in function block 1710. Subse 
quently, the face ID is used to determine the face type as 
depicted in decision block 1720. If the face type is an 
ordinary face, then the polygon is highlighted on the display 
as depicted in function block 1730, the distance from the 
origin tot he face is displayed, and control passes to function 
block 1760. However, if the face type is an offset face, then 
the PFace table is searched for the identifier of the parent 
face and the associated polygon as shown in function block 
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1740. Then, the distance between the two offset faces is 
calculated, displayed and the polygons are highlighted as 
shown in function block 1750. 

Function block 1760 depicts the next step, prompting the 
user to enter a new value for the distance via the keyboard. 
The new value is used to update the parameter table. If the 
polygon is a parent offset type, then modify the parameter of 
the selected face. If it is an ordinary face, then the parameter 
of the ordinary face is modified. Then, as illustrated in 
function block 1770, the PFace table is converted into a Face 
table. Finally, the solid is regenerated by sending the Face 
table and the construction list to the solid modeler to 
generate the modified solid as shown in function block 1780. 

FIG. 12 shows a first solid 1200 and a second solid 1210 
that are modified using the parametric entity function in 
accordance with the invention to create a finished assembly 
1220. The distance D11254 in solid 1200 must be correlated 
with distance D3 1256 to complete the assembly correctly. 
Thus, the user initially selects D1 1254 as the variable 
distance from p1 1290 to 01 1270. The distance D2 is 
defined as a fixed distance, and the variable distance is 
equated to D3 1256. Thereafter, the system expands D1 
1221 to comply with D3 1256 and completes the assembly. 

Surface Normal Display 

In a normal CAD system, a surface can be created 
regardless of the facing. However, a surface has two faces, 
one is facing in, and the other is facing out. Depending on 
the position or orientation of the surface in a composite 
object. Surface normal is a reference for indicating the 
facing of a surface. It is also a vector for calculating the 
shading value. Since the surface normal is not specified 
during the creation of the surface, the image of the shaded 
Surface may not appear correct to the viewer. 
Examples of surfaces displayed which employ the subject 

invention are presented in FIGS. 20, 21, 22 and 23. The logic 
for the processing is set forth in the flowcharts illustrated in 
FIGS. 18 and 19. FIG. 24 illustrates the variables behind the 
mathematics used to implement some of the invention's 
logic. Finally, the detailed source code and data structures 
used to implement the logic is presented and described in 
Appendix 7. 

Referring to FIG. 18, function block 1800 shows the first 
step which displays the shaded surfaces without user speci 
fied shading. To shade the surface, the system generates 
polygons to approximate the surface. By shading each 
polygon according to the normals to the surface on each 
vertex of the polygon the shaded surface is indicated appro 
priately. 
To shade a polygon, the system prepares a color table for 

shading and calculates the intensity of each vertex of the 
polygon. The algorithm for preparing the color table is 
shown in the "C" listing set forth below. The logic has two 
steps. Step one: linearly interpolate the color values of red, 
green and blue (RGB) separately. To generate the three 
tables, (RGB) with constant incrementation from the speci 
fied ambient light value to the full color of the object. For the 
current display device, the shading color is generated into 
two-hundred levels. 

Step two: the algorithm uses a cosine function on top of 
the result of step one to extend the range of the shading 
colors. The final color table will range from the specified 
ambient light value to shiny, bright color that will give the 
shaded object a shining spot when the reflection of the light 
source on the surface is toward the viewer's eye. 
To shade a polygon, the illumination value of each vertex 

must be calculated. Illumination (I) is calculated with the 
following equation. 
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Referring to FIG. 24, Amb is the ambient light value. Ka 
indicates how much of the ambient light is reflected from the 
object's surface. Lv is the intensity of the light source. L 
2400 is the light vector. N. 2410 is normal to the surface at 
the vertex. (LXN) 2440 is the cosine value of the angle 
between L vector and N vector. Kd indicates how much of 
the diffused light reflected from the surface. R 2420 is the 
reflection vector. V 2430 is the vector from the vertex to the 
eye. (RXV) 2460 is the cosine of the angle between vector 
R and vector V. 

Since the illumination value is a sum of the ambient 
factor, diffuse factor and specular factor, the result may not 
fall within the acceptable range. Especially, when there are 
multiple light sources and the graphic hardware has a limited 
resolution. Thus, the following modification to the original 
equation is made to enhance shading. 

I=Max(IL1), 21), IL3, ... InD Ii=A--(1-A)*Dil-(1- 
A-(1-A)*Di Si); 

where i=1,2 . . n for n light sources. 
Ii) is the illumination value for the ith light source. 

When the intensity of each vertex of a polygon is 
resolved, the intensity is converted to an index to the color 
table. (See data structure listing shown Appendix 8.) 

Then, the user is prompted to select a particular surface to 
display as shown in function block 1810. The surface is 
selected by pointing with the cursor and using the pointer's 
coordinates to select the appropriate surface from the 
CADAM data base. Next, the selected surface is erased as 
shown in function block 1820. Then, the surface data is 
rearranged as set forth in function block 1830. 

Four kinds of surface data can be rearranged, ruled 
surfaces, revolved surfaces, boundary surfaces, boundary 
surfaces and skin surfaces. The data structure of these 
surfaces is set forth in Appendix 9. 

For ruled surfaces or revolved surfaces, the sequences of 
the control points are inverted and the knot sequences of its 
splines are calculated. For boundary surfaces, the sequences 
of the control points of spline one and two are inverted, and 
their knot sequences are recalculated. Splines three and four 
are swapped. For skin surfaces, each profile spline has its 
corresponding control points inverted and the knot 
sequences are recalculated. FIG. 19 sets forth the detailed 
logic presented in function blocks 1830 and 1840. 

Finally, as shown in function block 1840, the selected 
surface is shaded based on the rearranged information. 

Boundary Surfaces 
As introduced, a boundary surface stores four splines 

which form a closed boundary of the surface. The surface 
normal processing logic is set forth in Appendix 10. 

Four examples of shaded surfaces are presented in FIGS. 
20, 21, 22 and 23. FIG. 20 shows a reverse surface normal 
of a top surface. FIG. 21 shows a surface normal of a side 
surface. FIG. 22 shows a reverse normal of a side surface, 
and FIG. 23 shows a reverse normal of a front surface. 
While the invention has been described in terms of a 

preferred embodiment in a specific system environment, 
those skilled in the art recognize that the invention can be 
practiced, with modification, in other and different hardware 
and software environments within the spirit and scope of the 
appended claims. 
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Having thus described our invention, what we claim as 
new, and desire to secure by Letters Patent is: 

1. Apparatus for performing a set of display operations to 
transform orthogonal views of a two dimensional drawing 
into a solid representing the two dimensional drawing into a 
solid representing the two dimensional drawing views on a 
graphic display, comprising: 

(a) means for storing a plurality of two dimensional 
drawings representative of various views of an object 
including face views and corresponding profile views, 
the face views and the corresponding profile views 
being orthogonal to one another; 

(b) pointing means for selecting a first two dimensional 
face for the solid from a first two dimensional drawing, 
selecting a second two dimensional face for the solid 
from a second two dimensional drawing, selecting a 
first profile corresponding to the first two dimensional 
face, the first profile being an orthogonal view of the 
first two dimensional face, selecting a second profile 
corresponding to the second two dimensional face, the 
second profile being an orthogonal view of the second 
two dimensional face, and 

(c) processor means for transforming and displaying the 
first two dimensional face, the first profile, the second 
two dimensional face, and the second profile as a solid 
on the graphic display. 

2. Apparatus as recited in claim 1, further comprising date 
structure means for storing two dimensional drawing infor 
mation including face views and profile views. 

3.Apparatus as recited in claim 1, further comprising data 
structure means for storing solid information. 

4. Apparatus as recited in claim 1, further comprising 
means for specifying the location where the solid should 
appear on the graphic display. 

5. A method for performing a set of display operations to 
transform orthogonal views of a two dimensional drawing 
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into a solid representing the two dimensional drawing views 
on a graphic display, comprising the steps of: 

(a) storing a plurality of two dimensional drawings rep 
resentative of various views of an object including face 
views and corresponding profile views, the face views 
and the corresponding profile views being orthogonal 
to one another, 

(b) selecting a first two dimensional face for the solid 
from a first two dimensional drawing using a pointing 
means; 

(c) selecting a second two dimensional face for the solid 
from a second two dimensional drawing using the 
pointing means, 

(d) selecting a first profile corresponding to the first two 
dimensional face using the pointing means, the first 
profile being an orthogonal view of the first two dimen 
sional face, 

(e) selecting a second profile corresponding to the second 
two dimensional face using the pointing means, the 
second profile being an orthogonal view of the second 
two dimensional face; and 

(f) transforming and displaying the first two dimensional 
face, the first profile, the second two dimensional face, 
and the second profile as a solid on the graphic display. 

6. A method as recited in claim 5, further comprising 
storing two dimensional drawing information including face 
views and profile views in a data structure. 

7. A method as recited in claim 5, further comprising 
storing solid information in a data structure. 

8. A method as recited in claim 5, further comprising 
specifying the location where the solid should appear on the 
graphic display. 
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